There is a growing interest both in identifying the neural mechanisms of magnitude estimation and in identifying forms of bias that can explain aspects of behavioral syndromes like unilateral neglect. Magnitude estimation is associated with activation of temporo-parietal cortex in both cerebral hemispheres of normal subjects; however, it is unclear if and how left hemisphere lesions bias magnitude estimation because the infrequency of neglect and the presence of aphasia in these subjects confound examination. In contrast, we examined magnitude estimation using 12 different types of sensory stimuli that spanned five sensory domains in two patients with very different clinical presentations following unilateral left hemisphere stroke. One patient had neglect sub-acutely without aphasia. The other had aphasia chronically after a temporo-parietal lesion but not neglect. The neglect patient was re-examined 48 h after being treated with modafinil (Provigil) for decreased arousal. Both patients demonstrated bias in magnitude estimation relative to normal subjects (n = 83). Alertness improved in the neglect patient after taking modafinil. His neglect also resolved and his magnitude estimates more closely resembled those of normal subjects. This is the first evidence, to our knowledge, that left hemisphere injury can bias magnitude estimation in a manner similar but not identical to that associated with right hemisphere injury.
Introduction
Magnitude estimation is a method of ratio scaling in which subjects use numbers to rate the intensity of supra-threshold sensory stimuli (Stevens, 1975a; Gescheider, 1997) . Ratio scaling is the principle behind the Psychophysical Power Law (Stevens, 1975b) which holds that perceived stimulus intensity is a power function of objective intensity. Power functions (log-log relationships) are used to characterize the relationship between subjective estimates of stimulus magnitude and objective measures of stimulus intensity for a given type of sensory stimulus (perceptual continua). Power function transformations may reflect an organizing principle by which the peripheral and central nervous systems interact to construct mental representations of stimu- * Corresponding author at: 510 Jack Stephens Drive, Slot 826, Little Rock, AR 72205, United States. Tel.: +1 501 526 7773; fax: +1 501 526 7898.
E-mail address: msmennemeier@uams.edu (M. Mennemeier). 1 New affiliation as of 08/01/05. lus intensity; predominantly in the right cerebral hemisphere (Mennemeier et al., 2005; MacKay, 1963) .
Magnitude estimation has been linked to the inferior parietal cortex of the right hemisphere in both human and animal studies of time, space and quantity perception (Walsh, 2003) . Power function relationships are altered by right hemisphere injury, particularly in association with unilateral neglect (Chatterjee, Mennemeier, & Heilman, 1992b; Chatterjee, Dajani, & Gage, 1994; Chatterjee, Mennemeier, & Heilman, 1994; Chatterjee, 1995; Mennemeier, Rapcsak, Dillon, & Vezey, 1998; Mennemeier, Vezey, Lamar, & Jewell, 2002; Mennemeier et al., 2005) which follows damage to a neural system involving frontal, cingulate, temporal, and parietal cortices in both hemispheres (Heilman, Watson, & Valenstein, 1994; Vallar & Perani, 1987; Karnath, Ferber, & Himmelbach, 2001; Karnath, Himmelbach, & Rorden, 2002) . When data from bedside tests for neglect are fit to power functions, a restricted range of perception is revealed in neglect patients signaled by a decrease in the power function exponent (a flatter slope) and an increase in the constant (an elevated y-intercept) relative to normal
